Abstract-Strong electric fields are known to create biased adatom migration on metallic surfaces. We present a Kinetic Monte Carlo model that can simulate adatom migration on a tungsten (W) surface in electric fields. We validate our model by using it to calculate the drift velocity of the adatom at different fields and temperature and comparing the results with experimental data from the literature. We obtain excellent agreement.
I. INTRODUCTION
It has been seen that surface protrusions or at least sharp surface feature can develop in strong electric fields [1] , [2] . Such asperities, if large enough, may be the cause for vacuum breakdowns that occurs even in ultra high vacuum environments, as they may enhances the local field enough to cause field emission [1] , [3] , [4] . The bias effect of electric fields have been extensively studied both experimentally and theoretically by S. C. Wang and T. T. Tsong, who studied how W adatoms moved on flat facets of W tips in different fields with field-ion microscope [5] , [6] . They were able to measure how the drift velocity of the adatoms depends on different fields. In this paper we will study the atom migration in electric fields using a Kinetic Monte Carlo (KMC) model.
II. METHODS
For simulating the surface diffusion of atoms, we use the KMC code Kimocs, which is described in detail in Ref. [7] . The code uses a rigid lattice, where the atom migration jumps are characterized by the number of first-and second-nearest neighbour atoms. The migration events, where an atom may jump to any unoccupied first-nearest neighbour lattice position, are chosen according to the general KMC algorithm [8] , [9] , [10] . The transition rates are calculated according to the Arrhenius formula
where ν = 3.35 · 10 13 s −1 is the attempt frequency, taken to be the same for all atom jump events; k B is the Boltzmann constant, T is the temperature of the system, and E m is the migration energy barrier. The time increments are calculated according to the resident time algorithm [9] . In our model, the electric field above an arbitrarily rough, but still continuous, metallic surface is calculated using the field solver developed by M. Veske et al. [11] , which solves Laplace's equation
where Φ is the electrostatic potential [12] .
In our KMC model, the migration energy barrier E m of a jump is modified by the field according to T. T. Tsong and G. Kellogg's formula [5] 
where E is the migration energy barrier in the absence of any field. On the W{110} surface, only one barrier is possible. We use the value E = 0.90 eV [13] . F 0 is the field at the initial lattice position and F s is the field at the saddle point of the jump. µ is the surface-induced dipole moment and α is the polarizability; these values may be different at equilibrium lattice points and saddle points (as indicated by the subscripts 0 and s).
III. RESULTS AND DISCUSSION
We verify the model for migration under electric fields by comparing the adatom drift velocity on W{110} surfaces under different applied electric fields and compare with the experimental data by Wang and Tsong [6] . The experimental conditions were simulated by having a 3.0 nm high hemisphere with a radius of 7.44 nm made of W atoms in a body-centredcubic lattice on a 28 × 28 nm 2 W{110} substrate surface. The top {110} facet of the hemisphere has a diameter of 2.22 nm. For an anode field of 2.35 · 10 10 Vm −1 at the centre of the facet, a gradient of (1.57·10
18 ±0.1·10 18 ) Vm −2 between the centre and the facet edge is obtained, in good agreement with the values reported for the experiment (They report a gradient of 1.55 · 10 18 V m −2 for the same central field [6] ). The average drift velocity was calculated by having an adatom migrating on the facet, starting one lattice position off the centre. After 3 KMC steps, the drift velocity was calculated by dividing the displacement by the time. This was repeated ten times for every applied field between 5.66 · 10 9 and 3.78 · 10 10 Vm −1 . The temperature was set to 280.0 K, as in the experiment [6] . Using µ 0 = 3.72·10 −11 em (5.96·10
−30
Cm) and α 0 = 2.39 · 10 −21 em 2 V −1 (3.83 · 10 −40 Cm 2 V −1 ), which were both calculated using DFT, and µ s = 3.93 · 10
em, which is fitted, we obtain excellent agreement with the experimental data, as shown in Fig. 1 . We are here assuming that the polarizability is the same at both the lattice position and the saddle position, i.e. α 0 = α s = α.
We also calculated the drift velocity at different temperatures between 270 to 290 K while keeping the applied field constant at 2.35 · 10 10 V m −1 . The results are shown in Fig.  2 and show good agreement with the experimental data [6] . Fig. 1 . The drift velocity for different applied fields on a W{110} surface; compared with the experimental data by Wang and Tsong [6] . The embedded picture shows the adatom on the facet. 
IV. CONCLUSION
We have presented a model for simulating surface diffusion of adatoms under electric fields. We have shown that our model gives excellent agreement with earlier experimental measurements of the drift velocity of W adatom diffusion on a closed-packed W{110} surface in different applied electric fields and at different temperatures.
